Virulence of a Bordetella pertussis strain expressing a mutant adenylyl cyclase with decreased calmodulin affinity.
Bordetella pertussis, the pathogen responsible for whooping cough, produces a toxic calmodulin-sensitive adenylyl cyclase which enters animal cells and increases intracellular cAMP. A point mutant of B. pertussis with abolished adenylyl cyclase catalytic activity was over 1000-fold less pathogenic to newborn mice than wild-type bacteria, demonstrating the importance of the adenylyl cyclase for B. pertussis virulence (Gross et al.). The B. pertussis adenylyl cyclase is highly sensitive to calmodulin with an apparent Kd for calmodulin of approximately 1 nM. The importance of this high-affinity calmodulin binding for virulence in vivo was examined by the creation of a B. pertussis point mutant (Trp-242 to Glu-242) with 200-fold lower calmodulin affinity than the native enzyme. This mutant B. pertussis strain retained its virulence in a newborn mouse model of pertussis, but the time course for establishment of a lethal infection in vivo was significantly delayed for the mutant strain. These data illustrate that high-affinity calmodulin binding is not obligatory for the activity of this toxin but is important for the rate for establishment of a lethal infection.